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(54) VALVE DEVICE

(57) A valve device (10) includes: a valve body (12)
having assembly holes (20); solenoid components (14)
configured such that a first part (18) is inserted into each
assembly hole (20); and a fixing member fixed to the
valve body (12). An engagement groove (40) is provided
in an outer circumferential surface of each solenoid com-
ponent (14) in a direction intersecting an axial center (S)
of the solenoid component (14). Each engagement
groove (40) is provided to a portion of the first part (18)
that is located outside the assembly hole (20) when the

first part (18) is inserted in the assembly hole (20). The
fixing member includes locking portions (52a-52h). Side
walls of each engagement groove (40) are engaged with
each locking portion (52a-52h) so as to set a position in
an axial direction of each solenoid component (14). Each
locking portion (52a-52h) is engaged with a groove bot-
tom (44) of each engagement groove (40) so as to set a
phase around the axial center (S) of each solenoid com-
ponent (14).
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Description

1. Field of the Invention

[0001] The present invention relates to a valve device,
and particularly relates to improvement of a valve device
in which solenoid components are assembled into as-
sembly holes provided to a valve body.

2. Description of Related Art

[0002] Japanese Patent Application Publication No.
2002-156063 discloses a valve device configured such
that multiple solenoid components are assembled in par-
allel into multiple assembly holes that are provided to a
valve body, and rectangular locking portions provided to
a fixing member are engaged with engagement grooves
formed in outer circumferential surfaces of the solenoid
components, thereby retaining the multiple solenoid
components.

SUMMARY OF THE INVENTION

[0003] In the above valve device, positions in axial di-
rections of the solenoid components are specified. How-
ever, there are gaps between groove bottoms of the en-
gagement grooves of the solenoid components and the
locking portions of the fixing member; thus, phases of
the axial centers of the solenoid components might vary
in a direction around the axial centers that are directions
intersecting the axial directions among the solenoid com-
ponents, or the phases of the axial centers might change
around the axial centers. The locking portions are en-
gaged with both sides of each solenoid component rel-
ative to the axial center thereof, and thus it is technically
difficult to eliminate the gap between the groove bottom
of each engagement groove and each locking portion.
For example, in the case of a solenoid valve integrally
equipped with a valve part in which a valve element such
as a spool is housed, a high accuracy in phase around
the axial center is required in relation with a coupling port
and others.
[0004] The present invention provides a valve device
capable of setting axial positions of solenoid components
and phases around axial centers thereof with a high ac-
curacy in a simple and inexpensive method.
[0005] A valve device includes: a valve body having
assembly holes; solenoid components being configured
such that a first part that is a part of each solenoid com-
ponent is inserted into each assembly hole; and a fixing
member fixed to the valve body. An engagement groove
is provided in an outer circumferential surface of each
solenoid component in a direction intersecting an axial
center of the solenoid component. Each engagement
groove is provided to a portion of the first part of each
solenoid component that is located outside the assembly
hole when the first part is inserted in the assembly hole.
The fixing member includes locking portions. Each of the

locking portions is configured to be inserted into each
engagement groove. Side walls of each engagement
groove are engaged with each locking portion so as to
set a position in an axial direction of each solenoid com-
ponent. Each locking portion is engaged with a groove
bottom of each engagement groove so as to set a phase
around the axial center of each solenoid component.
[0006] In such a valve device, the locking portions of
the fixing member are inserted into the engagement
grooves provided in the outer circumferential surfaces of
the solenoid components so as to be engaged with the
side walls of the engagement grooves, thereby setting
the axial positions of the solenoid components, and also
so as to be engaged with the groove bottoms of the en-
gagement grooves, thereby setting the phases around
the axial centers of the solenoid components. This means
that simply by inserting a single locking portion into a
single engagement groove, it is possible to set the posi-
tions in the axial directions and the phase around the
axial centers of the solenoid components at the same
time with a high accuracy. It is only necessary to fix the
fixing member whose locking portions are inserted in the
engagement grooves to the valve body, thus carrying out
the fixation of the solenoid components in a simple and
inexpensive manner.
[0007] In a second aspect according to the above as-
pect, the valve body may include a stepped portion that
is cutout from an engagement groove side in a radial
direction of each of the assembly holes such that the
engagement groove is exposed outside when the sole-
noid components are assembled to the valve body. The
stepped portion may be cutout such that an upper surface
of the stepped portion is located at a lower position than
the groove bottom of the engagement groove when the
solenoid components are assembled to the valve body
through the fixing member.
[0008] According to such a configuration, the valve
body is provided with a relief step in a cutout shape, and
the fixing member is disposed thereto. Since the level of
the upper surface of the relief step is set at a position
lower than the groove bottom of each engaging groove,
and thus the locking portions of the fixing member are
securely engaged with the groove bottoms of the engage-
ment grooves, thereby setting the phases around the ax-
ial centers. Parts of the solenoid components on an op-
posite side to the engagement grooves are supported
around the axial centers of the solenoid components by
the relief step, and thus a support range in the axial di-
rection in which the solenoid components are supported
by the valve body becomes greater, thus stabilizing pos-
tures of the solenoid components, thereby fixing the so-
lenoid components to the valve body with a higher posi-
tioning accuracy.
[0009] In a third aspect according to the above aspect,
a front end of each locking portion may be provided in a
straight line. The groove bottom of each engagement
groove may be provided in a straight line in a longitudinal
direction of the engagement groove may be engaged with
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the groove bottoms of the engagement grooves in a
straight line.
[0010] According to such a configuration, the front
ends of each locking portion is provided in a straight line,
and the groove bottom of each engagement groove is
provided in a straight line, so that the front ends of the
locking portions are engaged with the groove bottoms of
the engagement grooves in a straight line; therefore, it
is possible to appropriately set the phases around the
axial centers of the solenoid components.
[0011] In a fourth aspect according to the above as-
pect, the fixing member may be a flat-platy fixing plate.
The fixing member may be fixed to the valve body such
that a position of the fixing member in a planar direction
parallel with the fixing plate is adjustable. An edge of the
fixing plate may include a front end surface of each lock-
ing portion. The front end surface of each locking portion
may have higher profile accuracy of portions other than
the front end surface in the edge.
[0012] According to such a configuration, a fixing plate
in a simple flat-platy shape is used as the fixing member,
and is fixed to the valve body in a manner as to be ad-
justable in a parallel direction with the fixing plate; there-
fore, the fixing plate can be produced by press-punching
or the like in a simple and inexpensive manner, and se-
curely engaging the locking portions with the groove bot-
toms of the engagement grooves. The front end surfaces
of the locking portions are composed of the edge of the
fixing plate, and front end portions of the front end sur-
faces are machined through a post-processing such as
a shaving press and cutting, for example, so as to have
a high profile accuracy; thus burrs and/or sags due to
press-punching, for example, are removed; and the front
ends are engaged with the groove bottoms of the corre-
sponding engagement grooves, thereby setting the
phases around the axial centers of the solenoid compo-
nents with a high accuracy.
[0013] In a fifth aspect according to the above aspect,
the valve body may be provided with the assembly holes
such that the axial directions of the assembly holes are
parallel with one another. The valve body may be pro-
vided with the assembly holes such that the axial centers
of the assembly holes are arranged in a straight line. The
assembly holes may be configured such that the solenoid
components are assembled into the assembly holes in
parallel. The solenoid components may be provided with
the engagement grooves in a straight line in a direction
vertical to the axial centers of the solenoid components.
The fixing member may be a flat-platy fixing plate pro-
vided with the locking portions arranged in a straight line
along the edge. The locking portions may be locked to
the engagement grooves of the solenoid components.
[0014] According to such a configuration, the multiple
assembly holes are formed in the valve body, the multiple
solenoid components are assembled into the holes in
parallel, and the multiple solenoid components are posi-
tioned and fixed by the flat-platy fixing plate. Hence, the
number of components can be reduced, and the fixing

plate can be produced by press-punching, etc., thus con-
figuring the valve device having the multiple solenoid
components in a simple and inexpensive manner as a
whole.
[0015] Because the fixing plate is provided with the
multiple locking portions in a straight line along the edge,
and the locking portions are locked to the engagement
grooves provided to the multiple solenoid components in
a straight line in a direction vertical to the axial centers
of the solenoid components respectively; therefore, it is
possible to set the phases around the axial centers of
the multiple solenoid components with a high accuracy.
Specifically, because of the simple arrangement shape
of the multiple locking portions that are arranged in a
straight line along the edge, it is easy to secure a mutual
positioning accuracy among the locking portions. In a
case where the multiple solenoid components are fixed
to different fixing members each of which is independ-
ently configured, the positioning accuracy among the so-
lenoid components might vary due to errors in dimension
and in fixation among the multiple different fixing mem-
bers. To the contrary, the fixing plate is disposed across
the multiple solenoid components, thereby suppressing
variation in positioning accuracy among the individual
solenoid components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic perspective view showing an
example of a valve device to which the present in-
vention is applied;
FIG. 2 is a partially enlarged front view as viewed in
an arrow A direction in FIG. 1;
FIG. 3 is a cross-sectional view taken along line III-
III in FIG. 2;
FIG. 4 is a cross-sectional view taken along line IV-
IV in FIG. 3;
FIG. 5 is a cross-sectional view of a valve body taken
along line IV-IV in FIG. 3;
FIG. 6 is a side view showing a linear solenoid valve
of the valve device in FIG. 1 alone;
FIG. 7 is a cross-sectional view taken along line VII-
VII in FIG. 6, and is a drawing in which a valve ele-
ment and others in the inside are omitted to be illus-
trated in the drawing; and
FIG. 8 is a front view showing a fixing plate of the
valve device in FIG. 1 alone.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, embodiments of the present inven-
tion will be described in details with reference to draw-
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ings. In the following embodiment, the drawings are ap-
propriately simplified or deformed for convenience of ex-
planation, and a dimensional ratio, a shape, and others
of each component are not always precisely illustrated.
[0018] FIG. 1 is a schematic perspective view showing
a valve device 10 to which the present invention is ap-
plied, FIG. 2 is a partially enlarged front view as viewed
in an arrow A direction in FIG. 1, FIG. 3 is a cross-sec-
tional view taken along line III-III in FIG. 2, and FIG. 4 is
a cross-sectional view taken along line IV-IV in FIG. 3.
In the following description, postures as shown in FIG. 2
and FIG. 3 are defined as a reference, positional relations
or the like among parts and components will be described
based on an assumption that an up-down direction in the
drawings corresponds to an up-down direction or a ver-
tical direction, and a right-left direction in the drawings
corresponds to a horizontal direction, but it should be
noted that this does not mean an actual installation pos-
ture into a vehicle.
[0019] The valve device 10 is used for a hydraulic con-
trol circuit of a vehicle automatic transmission that carries
out gear-shifting by using multiple hydraulic actuators,
and multiple (eight in the embodiments) linear solenoid
valves 14a to 14h (hereinafter, referred to simply as linear
solenoid valves 14, unless otherwise distinguished) are
assembled to a single valve body 12. The linear solenoid
valves 14 correspond to solenoid components, and each
linear solenoid valve 14 is formed in a stepped cylindrical
shape having a large-diameter part 16 and a small-diam-
eter part 18 that are concentric to an axial center S. Each
large-diameter part 16 houses therein a solenoid for
valve-driving that generates a predetermined electro-
magnetic force when the solenoid is excited by a duty
control of excitation current or the like, and each small-
diameter part 18 is a valve part housing therein a valve
element such as a spool, a return spring, and the others.
Each linear solenoid valve 14 is a regulated valve that
continuously regulates oil pressure by urging the valve
element in an axial direction (direction parallel with the
axial center S) at a predetermined electromagnetic force,
for example. FIG. 6 is a side view showing the linear
solenoid valve 14 alone, and is a drawing as viewed from
the left side, that is, from the large-diameter part 16 side
in FIG. 6 corresponds to a front view as viewed in an
arrow A direction in FIG. 1. FIG. 7 is a cross-sectional
view taken along line VII-VII in FIG. 6 in which a valve
element and others in the inside are omitted to be illus-
trated in the drawing. The axial center S is individually
distinguished by using reference numerals Sa to Sh in a
case where the axial center of each linear solenoid valve
14 are individually explained, but this is referred to simply
as the axial center S, unless otherwise distinguished.
[0020] The valve body 12 is provided with multiple
(eight in the embodiments) assembly holes 20a to 20h
(referred to simple as assembly holes 20, unless other-
wise distinguished) used for assembling the linear sole-
noid valves 14a to 14h. FIG. 5 is a cross-sectional view
of the valve body 12 taken along line IV-IV in FIG. 3, and

corresponds to FIG. 2 and FIG. 4. The assembly holes
20 are through-holes each having a circular cross sec-
tion, and the small-diameter part 18 of each linear sole-
noid valve 14 is inserted from an opening on the left of
FIG. 3 in a manner as to be movable in the axial direction
and rotatable around the axial center S. A diameter di-
mension of each assembly hole 20 is slightly greater than
a diameter dimension of each small-diameter part 18 so
that the small-diameter part 18 is fitted into the assembly
hole 20 with almost no gap therebetween. The small-
diameter part 18 is an example of a first part of each
solenoid component.
[0021] The above multiple assembly holes 20 are so
formed as to open to an assembly surface 28. The as-
sembly surface 28 includes an upper end surface 22, a
lower end surface 24, and a stepped portion 26. The up-
per end surface 22 and the lower end surface 24 are
parallel with each other. The upper end surface 22 and
the stepped portion 26 are flat surfaces. The stepped
portion 26 is substantially vertical to the upper end sur-
face 22, and is also substantially vertical to the lower end
surface 24. All the assembly holes 20 are so disposed
as to be vertical to the upper end surface 22 and the
lower end surface 24, and the assembly holes 20 are so
arranged as to be parallel with one another. A series of
six assembly holes 20a to 20f are arranged in a straight
line in a horizontal direction (the right-left direction in FIG.
5). The multiple linear solenoid valves 14 are positioned
and fixed to the valve body 12 by a single fixing plate 30
with the small-diameter parts 18 inserted in the assembly
holes 20. The linear solenoid valves 14a to 14f whose
small-diameter parts 18 are respectively inserted in the
six assembly holes 20a to 20f are so assembled in par-
allel as to be arranged in a straight line in parallel with
one another in the horizontal direction, in the same man-
ner as the assembly holes 20a to 20f. The valve body 12
is provided with multiple oil passages 32 opening to inner
wall surfaces of the assembly holes 20 so that the oil
passages 32 are communicated with multiple coupling
ports (not illustrated in the drawings) formed in the small-
diameter parts 18. A base part 34 is so provided as to
outwardly extend from a lower end of the assembly sur-
face 28 in a substantially horizontal direction, and there
is provided a predetermined gap between the base part
34 and the large-diameter part 16 of each linear solenoid
valve 14; therefore, assembly positions and postures of
the linear solenoid valves 14 relative to the valve body
12 are specified mostly by the assembly holes 20 and
the fixing plate 30.
[0022] At a predetermined position of the small-diam-
eter part 18 in the vicinity of the large-diameter part 16
of each linear solenoid valve 14, an engagement groove
40 is so provided as to extend in a straight line in a di-
rection orthogonal to the axial direction in which the axial
center S extends. The engagement groove 40 is located
more outward than the upper end surface 22 in the axial
direction of the assembly hole 20 in a state in which the
small-diameter part 18 of each linear solenoid valve 14

5 6 



EP 3 222 896 A1

5

5

10

15

20

25

30

35

40

45

50

55

is assembled in the corresponding assembly hole. In the
present embodiment, each small-diameter part 18 is in-
serted into each corresponding assembly hole 20 in such
a manner that one side wall of a pair of side walls 42 of
each engagement groove 40, which is more distant from
the large-diameter part 16, substantially coincides with
the upper end surface 22. As apparent from FIG. 4 that
is a cross-sectional view taken along line IV-IV in FIG. 3,
a fixing plate 30 is engaged with the engagement grooves
40. Each engagement groove 40 has a rectangular cross
section or an inversely-trapezoidal cross section having
a wider width toward an opening thereof, is provided with
the pair of side walls 42 and a groove bottom 44, and is
formed by cutting or the like. As apparent from FIG. 6
and FIG. 7, the groove bottom 44 is substantially parallel
with the axial center S in the width direction of the en-
gagement groove 40, is so provided as to be in a straight
line in a longitudinal direction of the engagement groove
40, that is, in a circumferential direction of the small-di-
ameter part 18, and is composed of a single flat plane.
A groove depth of each engagement groove 40 is defined
so as not to extend through a side wall of a case of the
small-diameter part 18. Each engagement groove 40
having a right angle relative to the axial center S is posi-
tioned in a single plane substantially parallel with the as-
sembly surface 28 by inserting each small-diameter part
18 into each corresponding assembly hole 20 vertically
arranged to the assembly surface 28.
[0023] The fixing plate 30 corresponds to a fixing mem-
ber. FIG. 8 is a front view showing the fixing plate 30
alone, and corresponds to a drawing as viewed in the
arrow A direction in FIG. 1. The fixing plate 30 is com-
posed of a flat-platy metallic member having a substan-
tially constant plate thickness, and an entire shape there-
of is produced into be a longitudinal shape by press-
punching. Multiple (eight in the present embodiment)
locking portions 52a to 52h (hereinafter, referred to sim-
ply as locking portions 52, unless otherwise distin-
guished) are provided along one side edge of the longi-
tudinal shape, that is, a lower side edge 50 in FIG. 8. The
side edge 50 includes a straight portion extending in a
straight line in a substantially horizontal direction, and a
stepwise portion having different levels formed in a step-
wise shape; and the straight portion is provided with the
locking portions 52a to 52f with the same intervals as
those of the assembly holes 20a to 20f. The stepwise
portion is so provided as to correspond to positions of
the assembly holes 20g, 20h, and the locking portions
52g, 52h are provided to respective horizontal portions
of the stepwise portion. Press-punching brings a poor
profile accuracy because of generation of burrs, sags,
and the like in an outer circumferential surface, that is, a
sheared surface of each locking portion 52; therefore, in
the present embodiment, a post-processing such as
shaving press is employed so as to secure an appropriate
profile accuracy of a front end surface and both side sur-
faces of each locking portion 52. Here, the word "profile
accuracy" means the degree of surface roughness such

that one surface is smoother than the other surface in a
case where the profile accuracy of the one surface is
higher than the other surface.
[0024] The fixing plate 30 is further provided with mul-
tiple (three in the embodiments) fixing holes 54 as fixing
portions for fixing the fixing plate 30 to the valve body 12.
The fixing holes 54 are arranged with intervals therebe-
tween along an upper side edge on an opposite side to
the side edge 50 where the locking portions 52 are pro-
vided, and bolts 56 inserted through the fixing holes 54
are screwed into screw holes 58 of the valve body 12 so
as to integrally fix the fixing plate 30 to the valve body
12. As shown in FIG. 5, each screw hole 58 is formed in
each corresponding projection 60 extending upward from
the upper end surface 22 of the assembly surface 28,
and the fixing plate 30 is fixed in a manner as to be sub-
stantially in tight contact with the upper end surface 22
in parallel therewith. Each fixing hole 54 is a circular hole
having a greater diameter than that of a screw portion of
each bolt 56, and the fixing position of the fixing plate 30
can be adjusted in a direction parallel with the fixing plate
30, that is, in a direction along the upper end surface 22.
Through this, regardless of error in dimension of each
part or the like, the fixing plate 30 can be fixed to the
valve body 12 while a front end of each locking portion
52 is engaged with (abuts against) the groove bottom 44
of each corresponding engagement groove 40. Instead
of providing the valve body 12 with the screw holes 58,
nuts may be screwed thereto so as to be fastened, or
long holes extending long in the up-down direction may
be provided as the fixing holes 54. It may also be possible
to provide the valve body 12 with long holes so that the
fixing position of the fixing plate 30 becomes adjustable.
[0025] The respective locking portions 52a to 52h of
the fixing plate 30 are inserted into and engaged with the
corresponding engagement grooves 40 of the linear so-
lenoid valves 14a to 14h, thereby positioning the linear
solenoid valves 14a to 14h into predetermined postures
to be integrally fixed to the valve body 12. Specifically,
as shown in FIG. 4, in a phase in which each engagement
groove 40 opens upward in the drawing in a direction
around the axial center S and each groove bottom 44
thereof is arranged to be substantially horizontal, the front
end of each locking portion 52 and each corresponding
groove bottom 44 are substantially in tight contact with
each other along a straight line across the entire longi-
tudinal length of the engagement groove 40, thereby set-
ting the phase of each linear solenoid valve 14 around
the axial center S. Each locking portion 52 is engaged
with the side walls 42 of each corresponding engagement
groove 40, thereby setting the position in the axial direc-
tion of each linear solenoid valve 14.
[0026] Each engagement groove 40 has a wider
groove width than a plate thickness of each locking por-
tion 52 so as to have a predetermined play therebetween,
and the play is defined within an allowable range of var-
iation in axial positions of the linear solenoid valves 14.
Positioning of the linear solenoid valves 14 around the
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axial centers S may vary within a predetermined allow-
able range. Therefore, it is not always necessary to bring
all the front ends of the locking portions 52a to 52h to be
engaged with (abut against) the groove bottoms 44 of
the engagement grooves 40 of all the corresponding lin-
ear solenoid valves 14a to 14h, and there may be gaps
between some or all of the groove bottoms 44 of the
engagement grooves 40 of the linear solenoid valves 14
and the front ends of the corresponding locking portions
52.
[0027] The stepped portion 26 of the assembly surface
28 allows the fixing plate 30 to be fixed to the valve body
12 in a state in which the locking portions 52 of the fixing
plate 30 are engaged with the engagement grooves 40
exposed to the outside of the assembly holes 20. The
stepped portion 26 corresponds to a relief step in a cutout
shape. As shown in FIG. 4, in a state in which the front
end of each locking portion 52 is engaged substantially
in parallel with (abuts against) the groove bottom 44 of
each corresponding engagement groove 40 so as to po-
sition the phase around the axial center S of each linear
solenoid valve 14, a level of the upper surface of the
stepped portion 26 is defined to be at a position lower
than the groove bottom 44 of the engagement groove 40
so as not to interfere with the fixing plate 30, and each
assembly hole 20 is disposed at a position across the
upper and lower end surfaces 22, 24 with the stepped
portion 26 located therebetween. In order to secure a
support range of each small-diameter part 18, a width
dimension, that is, a projecting dimension in the left di-
rection in FIG. 3 of the stepped portion 26 is defined to
be a maximum dimension within a range where the lower
end surface 24 does not interfere with the large-diameter
part 16. Such a stepped portion 26 is formed by removing
an upper portion of the stepped portion 26 through a post-
processing such as cutting, for example; and the stepped
portion 26 may be formed not through the post-process-
ing but through molding by casting, or the like.
[0028] In this manner, in the valve device 10 of the
present embodiment, each locking portion 52 of the fixing
plate 30 is inserted into the engagement groove 40 pro-
vided in the outer circumferential surface of the small-
diameter part 18 of each corresponding linear solenoid
valve 14, and the locking portion 52 is engaged with the
side walls 42 of the engagement groove 40, thereby set-
ting the axial position of each linear solenoid valve 14;
and the locking portion 52 is also engaged with the groove
bottom 44 of the engagement groove 40, thereby setting
the phase around the axial center S of each linear sole-
noid valve 14. This means that, with respect to each in-
dividual linear solenoid valve 14, simply by inserting the
single locking portion 52 into the single engagement
groove 40, it is possible to set the axial position and the
phase around the axial center S of the linear solenoid
valve 14 at the same time with a high accuracy. Simply
by fixing the fixing plate 30 whose locking portions 52 are
inserted in the engagement grooves 40 to the valve body
12, it is possible to carry out the fixation of the fixing plate

30 to the valve body 12 in a simple and inexpensive man-
ner.
[0029] The assembly surface 28 of the valve body 12
is provided with the stepped portion 26, and the fixing
plate 30 is disposed to the upper end surface 22. The
level of the upper surface of the stepped portion 26 is
defined at a position lower than the groove bottom 44 of
each engagement groove 40, thus securely engaging
(bringing) each locking portion 52 of the fixing plate 30
with (to abut against) the groove bottom 44 of each cor-
responding engagement groove 40 so as to set the phase
around the axial center S. The lower part of each linear
solenoid valve 14 on an opposite side to each engage-
ment groove 40 is supported by the stepped portion 26
around the axial center S of each linear solenoid valve
14. Accordingly, the support range where the small-di-
ameter part 18 of each linear solenoid valve 14 is sup-
ported by the valve body 12 becomes greater, so that
the posture of each linear solenoid valve 14 becomes
stable, thus fixing the linear solenoid valves 14 to the
valve body 12 with a higher positioning accuracy.
[0030] The front end of each locking portions 52 is pro-
vided in a straight line, and the groove bottom 44 of each
engagement groove 40 is also provided in a straight line
in the longitudinal direction of the engagement groove
40; thus the front ends of the locking portions 52 and the
groove bottoms 44 of the engagement grooves 40 are
engaged in a straight line with each other, thereby ap-
propriately setting the phase around the axial center S
of each linear solenoid valve 14.
[0031] As the fixing member, the fixing plate 30 in a
simple flat-platy shape is used, and is fixed to the valve
body 12 in a manner as to be position-adjustable in a
direction parallel with the fixing plate 30; therefore, the
fixing plate 30 can be produced in a simple and inexpen-
sive manner by press-punching, etc., and it is possible
to securely engage (bring) the locking portions 52 with
(to abut against) the groove bottoms 44 of the engage-
ment grooves 40.
[0032] The front end surface of each locking portion
52 is composed of the side edge 50 of the fixing plate
30, a front end portion of the front end surface is machined
through a post-processing such as shaving press so as
to have a high profile accuracy, and thus burrs and or
sags due to press-punching are removed, and the front
end is engaged with the groove bottom 44 of the corre-
sponding engagement groove 40, thereby setting the
phase around the axial center S of each linear solenoid
valve 14 with a high accuracy.
[0033] In the valve device 10 of the present embodi-
ment, the multiple assembly holes 20 are formed in the
valve body 12, the multiple linear solenoid valves 14 are
assembled into the holes in parallel, and the multiple lin-
ear solenoid valves 14 are positioned and fixed by the
single flat-platy fixing plate 30. Hence, the number of
components can be reduced, and the fixing plate 30 can
be produced by press-punching, thus configuring the
valve device 10 having the multiple linear solenoid valves
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14 in a simple and inexpensive manner as a whole.
[0034] The fixing plate 30 is provided with the multiple
locking portions 52a to 52f along the straight portion of
the side edge 50, and the locking portions 52a to 52f are
locked to the engagement grooves 40 that are provided
to the multiple linear solenoid valves 14a to 14f assem-
bled in a straight line in a manner as to be arranged in a
straight line in a direction vertical to the axial center S of
each linear solenoid valve; therefore, it is possible to set
the phases around the respective axial centers S of the
multiple linear solenoid valves 14a to 14f with a high ac-
curacy. Specifically, because of the simple arrangement
shape of the multiple locking portions 52a to 52f that are
arranged in a straight line along the straight portion of
the side edge 50, it is easy to secure a mutual positioning
accuracy among the locking portions 52a to 52f. In a case
where the multiple linear solenoid valves 14a to 14f are
fixed using individual different fixing members that are
independently configured, the positioning accuracy
among the linear solenoid valves 14 might vary due to
error in dimension, error in fixation and the like among
the multiple different fixing members. To the contrary,
the fixing plate 30 is provided across the multiple linear
solenoid valves 14a to 14f, thereby suppressing variation
in positioning accuracy among the individual linear sole-
noid valves 14a to 14f.
[0035] As aforementioned, the embodiment of the
present invention has been described in details with ref-
erence to the drawings, but this is merely one embodi-
ment, and the present invention can be implemented in
various modifications and improvements based on
knowledge of those skilled in the art.
[0036] The valve device of the present invention is pref-
erably used for a hydraulic control circuit of a vehicle
automatic transmission in which gears are shifted by a
hydraulic actuator or the like, for example, and may also
be used for another hydraulic control circuit for a vehicle,
or various hydraulic control circuits such as a hydraulic
control circuit other than for a vehicle and a pneumatic
pressure control circuit. The solenoid component in-
cludes a solenoid for a valve driving that is excited by an
ON-OFF control or a duty control with excitation current
so as to generate a predetermined electromagnetic force;
and for example, as the solenoid component, there may
be employed a solenoid valve such as a linear solenoid
valve in which each valve element such as a spool is
integrally incorporated, and there may also be employed
a solenoid component in which each valve element such
as a spool is directly provided to a valve body so that the
solenoid component is equipped with only a valve driving
unit such as a solenoid. An example of the solenoid valve
includes a selector valve or an on-off valve to reciprocat-
ingly move each spool in an axial direction so as to switch
an oil passage, and a regulated valve to control an oil
pressure by urging each spool by a predetermined elec-
tromagnetic force. The solenoid component is formed
into a stepped cylindrical shape including a large-diam-
eter part and a small-diameter part, for example, and the

small-diameter part is inserted into each corresponding
assembly hole provided to the valve body, but there may
also be employed a solenoid component in a cylindrical
shape having a substantially constant outer diameter di-
mension. Each assembly hole formed in the valve body
may be a bottomed hole or a through-hole having a cross
section in a circular shape, for example.
[0037] As the fixing member, a flat-platy fixing plate is
preferably used, for example, but there may also be em-
ployed various types of fixing members, such as a fixing
member having each locking portion bent into a crank
shape and a fixing member whose fixing portion to be
fixed to the valve body is bent into an L shape. The fixing
member is provided with the fixing holes as fixing por-
tions, for example, and the fixing member is fixed to the
valve body by bolts inserted through the fixing holes; but
there may also be employed various fixing ways, such
as fixing the fixing member to the valve body using clips
composed of, for example, spring plates, and configuring
the fixing member itself by a spring plate or the like so
as to fix the fixing member to the valve body in an one-
touch operation like a clip.
[0038] The engagement groove formed in the outer cir-
cumferential surface of each solenoid component is pref-
erably provided in a straight line in a direction orthogonal
to the axial direction, but may be formed in a direction
inclined relative to the direction orthogonal to the axial
direction, or there may also be provided engagement
grooves each of which is curved or bent as viewed from
the outer circumferential side. The groove bottom of each
engagement groove is preferably provided in a straight
line in the longitudinal direction of the engagement
groove, but may be provided in any shape at least except
for an arc shape around the axial center, and may also
be provided in a curved shape in order to set the phase
around the axial center. The shape of each locking por-
tion of the fixing member to be inserted and engaged with
each corresponding engagement groove is appropriately
defined depending on the longitudinal shape of each en-
gagement groove and the shape of each groove bottom.
The shape of the front end of each locking portion is de-
fined to be engageable with the groove bottom across
the entire longitudinal length of each corresponding en-
gagement groove, for example; but each locking portion
may be engageable with the groove bottom of a part of
each corresponding engagement groove in the longitu-
dinal direction, or the locking portions may be engaged
with the engagement grooves at multiple positions with
intervals in the longitudinal direction in a range to set the
phase around the axial center of the solenoid compo-
nents.
[0039] The axial positions of the solenoid components
are specified by the engagement between each locking
portion of the fixing member and the pairs of side walls
of each corresponding engagement groove, but the axial
positions may vary in a predetermined allowable range,
and there may be provided a predetermined gap (play)
between each locking portion and the pair of side walls.
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The phase around the axial center of each solenoid com-
ponent is specified by the engagement between each
locking portion of the fixing member and the groove bot-
tom of each engagement groove, but the phase around
the axial center of each solenoid component may vary
within a predetermined allowable range, and there may
be provided a predetermined gap (play) between the front
end of each locking portion and each groove bottom.
[0040] In the second embodiment, the valve body is
provided with the relief step, but in the first invention, it
is not always necessary to provide the relief step, and
the assembly holes may be formed in the flat assembly
surface of the valve body in a manner as to expose to
the outside an entire circumference of a portion where
each engagement groove is formed. In the third embod-
iment, the front end of each locking portion is provided
in a straight line, and the groove bottom of each locking
groove is provided in a straight line in the longitudinal
direction of the engagement groove, but in the first in-
vention, they are not always necessary to be provided in
a straight line.
[0041] In the fourth embodiment, the front end surfaces
of the locking portions composed of the edge of the fixing
plate are so defined as to have a higher profile accuracy
than that of the other portions of the edge. This is because
it is assumed to carry out press-punching, so that rough-
ness due to burrs and sags are removed by the post-
processing. Hence, depending on the material or the pro-
ducing method of the fixing plate, the post-processing for
increasing the profile accuracy may be omitted. In the
fixing plate of the fourth invention, the position thereof is
adjustable in a direction parallel with the fixing plate, so
that the front ends of the locking portions can securely
be engaged with (brought to abut against) the groove
bottoms of the engagement grooves. As for means for
allowing a positional adjustment, for example, it may be
considered that in the case of inserting the bolts into the
fixing holes to fix the fixing plate to the valve body, a
predetermined play is provided to each fixing hole, or
each fixing hole is configured to be a long hole. In another
invention, in order to securely engage (bring) the locking
portions with (to abut against) the groove bottoms of the
engagement grooves, it is preferable to configure the fix-
ing member to be fixed to the valve body in a position-
adjustable manner, or to configure the locking portions
to be engaged with the groove bottoms of the engage-
ment grooves using elasticity of a spring plate or the like.
[0042] In the fifth embodiment, the valve body is pro-
vided with the multiple assembly holes so as to assemble
the multiple solenoid components in parallel, but in an-
other invention, it may be configured to simply assemble
a single solenoid component into a single assembly hole.
In the fifth invention, the multiple solenoid components
are so assembled as to be arranged in a straight line in
parallel, and the fixing plate having the multiple locking
portions arranged along the straight edge is used; but
there may be employed various manners, such as ar-
ranging the multiple solenoid components in a stepwise

manner and using the fixing plate having the multiple
locking portions at a stepwise edge thereof, and using
individual fixing members for the multiple solenoid com-
ponents so as to fix the individual fixing members to the
valve body.

Claims

1. A valve device (10) comprising:

a valve body (12) having assembly holes (20);
solenoid components (14) comprising a first part
(18) that is a part of each solenoid component
(14) intended to be inserted into each assembly
hole (20), and an engagement groove (40) pro-
vided in an outer circumferential surface of each
solenoid component (14) in a direction intersect-
ing an axial center (S) of the solenoid component
(14), each engagement groove (40) being pro-
vided to a portion of the first part (18) of each
solenoid component (14) that is intended to be
outside the assembly hole (20) when the first
part (18) is inserted in the assembly hole (20);
and
a fixing member (30) fixed to the valve body (12),
the fixing member (30) including locking portions
(52a-52h), each of the locking portions (52a-
52h) being configured to be inserted into each
engagement groove (40), side walls of each en-
gagement groove (40) being engaged with each
locking portion (52a-52h) so as to set a position
in an axial direction of each solenoid component
(14), and each locking portion (52a-52h) being
engaged with a groove bottom (44) of each en-
gagement groove (40) so as to set a phase
around the axial center (S) of each solenoid
component (14).

2. The valve device (10) according to claim 1, wherein
the valve body (12) includes a stepped portion (26)
that is cutout from an engagement groove side in a
radial direction of each of the assembly holes (20)
such that the engagement groove (40) is exposed
outside when the solenoid components (14) are as-
sembled to the valve body (12), the stepped portion
(26) is cutout such that an upper surface of the
stepped portion (26) is located at a lower position
than the groove bottom (44) of the engagement
groove (40) when the solenoid components (14) are
assembled to the valve body (12) through the fixing
member (30).

3. The valve device (10) according to claim 1 or 2,
wherein
a front end of each locking portion (52a-52h) is pro-
vided in a straight line,
the groove bottom (44) of each engagement groove
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(40) is provided in a straight line in a longitudinal
direction of the engagement groove (40), and
the front ends of the locking portions (52a-52h) are
engaged with the groove bottoms (44) of the engage-
ment grooves (40) in a straight line.

4. The valve device (10) according to any one of claims
1 to 3, wherein
the fixing member is a flat-platy fixing plate (30),
the fixing member (30) is fixed to the valve body (12)
such that a position of the fixing member (30) in a
planar direction parallel with the fixing plate (30) is
adjustable,
an edge of the fixing plate (30) includes a frond end
surface of each locking portion (52a-52h), and
the front end surface of each locking portion (52a-
52h) has a higher profile accuracy than profile accu-
racy of portions other than the front end surface in
the edge.

5. The valve device (10) according to any one of claims
1 to 4, wherein
the valve body (12) is provided with the assembly
holes (20) such that the axial directions of the as-
sembly holes (20) are parallel with one another,
the valve body (12) is provided with the assembly
holes (20) such that the axial centers (S) of the as-
sembly holes (20) are arranged in a straight line,
the assembly holes (20) are configured such that the
solenoid components (14) are assembled into the
assembly holes (20) in parallel,
the solenoid components (14) are provided with the
engagement grooves (40) in a straight line in a di-
rection vertical to the axial centers (S) of the solenoid
components (14),
the fixing member is a flat-platy fixing plate (30) pro-
vided with the locking portions (52a-52h) arranged
in a straight line along the edge, and
the locking portions (52a-52h) are locked to the en-
gagement grooves (40) of the solenoid components
(14).
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